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7R TXDQWLW\ WKH XQFHUWDLQW\ RI D VROXWLRQ RI DQ LQGXVWU\EDVHG SUREOHP XVLQJ D FRPPHUFLDOO\DYDLODEOH ILQLWH
HOHPHQW PHWKRG )(0 FRGH LV H[WUHPHO\ FKDOOHQJLQJ EHFDXVH VXFK SUREOHPV DUH JHQHUDOO\ DVVRFLDWHG ZLWK D
FRPSOH[ JHRPHWU\ D SDUWLDOO\YDOLGDWHG PDWHULDO SURSHUW\ GDWDEDVH DQ LQFRPSOHWH NQRZOHGJH RI SULRU ORDGLQJ
KLVWRULHV DQG DQ LQFUHDVLQJO\ XVHUIULHQGO\ KXPDQFRPSXWHU LQWHUIDFH WKDW SURYLGHV D TXLFN DQVZHU ZLWKRXW D
VWDQGDUGPHWKRGRIYHULILFDWLRQDQGXQFHUWDLQW\HVWLPDWLRQ7RXQGHUVWDQGWKLVFKDOOHQJHRQHQHHGVWRLGHQWLW\DV







 6RXUFH 0RGHO 3DUDPHWHUV  7KH YDULDELOLW\ LQ JHRPHWULFDO PDWHULDO SURSHUW\ DQG ERXQGDU\ FRQGLWLRQ
SDUDPHWHUVWKDWDUHXVXDOO\EXQGOHGWRJHWKHUDVDVLQJOHVRXUFH
 6RXUFH 6ROXWLRQ 3ODWIRUP  7KH FKRLFH RI D SDUWLFXODU ILQLWH HOHPHQW DQDO\VLV FRGH DQG LWV VROXWLRQ
DOJRULWKPVXFKDV$%$486>@$16<6>@/6'<1$>@03$&7>@HWF
7RDGGUHVVWKLVFKDOOHQJHZHGHYHORSDSDUWVHULHVRISDSHUVRIZKLFKWKLVSDSHULVWKHVHFRQGSDUW
3DUW , 0DUFDO )RQJ 5DLQVEHUJHU DQG 0D >@  ,Q WKH ILUVW SDUW ZH DGGUHVV 6RXUFH (OHPHQW 7\SH E\
DSSO\LQJWKHWKHRU\RIWUXQFDWLRQHUURUVWRSURYHWKDWWKHQRGHHOHPHQW+H[DLVVXSHULRUWRDQ\RIWKHRWKHU
FRPPRQO\XVHG HOHPHQWV QDPHO\ 7HWUD +H[D DQG +H[D EHFDXVH WKH WUXQFDWLRQ HUURU RI +H[D LV
KDQGWKDWRIWKHRWKHUVK
3DUW ,, WKLVSDSHU  ,Q WKLVSDUWZHDGGUHVV6RXUFH 0HVK'HQVLW\E\GHYHORSLQJDVWHSPHWKRG ILUVW WR
HVWLPDWH WKH XQFHUWDLQW\ RI D FRQYHUJLQJ VHULHV RI ILQLWHHOHPHQWPHVKGHQVLW\SDUDPHWULF VROXWLRQV RI D VSHFLILF
TXDQWLW\HJDFRPSRQHQWRIVWUHVVXVLQJDQRQOLQHDUOHDVWVTXDUHILW>@RIDSDUDPHWHUORJLVWLFIXQFWLRQ>@
DQGWKHQWRH[WUDSRODWHWKHUHVXOWVRIWKDWTXDQWLW\WRDQH[WUHPHO\ILQHPHVKGHQVLW\DSSURDFKLQJWKHLQILQLWHGHJUHHV
RI IUHHGRP  $VVXPLQJ WKH FKRVHQ TXDQWLW\ LQFUHDVHV ZLWK PHVK GHQVLW\ WKH HVWLPDWHG XSSHU DV\PSWRWH RI WKH
ORJLVWLF IXQFWLRQ VHUYHV DV WKH ³EHVW´ HVWLPDWH RI WKDW FKRVHQ TXDQWLW\  7KURXJKRXW WKLV SDSHU ZH XVH D SXEOLF
GRPDLQVWDWLVWLFDODQDO\VLVVRIWZDUHSDFNDJHQDPHG³'DWDSORW´>@WRFRGHWKHQRQOLQHDUOHDVWVTXDUH1//64ILW
DQGSORWWKHUHVXOWV




:HEHJLQ LQ WKLVSDSHUE\ LQWURGXFLQJ WKH ORJLVWLF IXQFWLRQ LQ6HFWLRQ :H WKHQDSSO\RXUQHZDSSURDFK WR
WKUHH )(0 FDVH VWXGLHV 6HFWLRQV  WR  WR VKRZ WKDW LW LV IHDVLEOH WR H[WUDSRODWH )(0 VROXWLRQV WR DQ LQILQLWH

























,Q 3DUW  RI WKLV SDSHU VHULHV >@ZH VKRZHG WKDW )(0 VLPXODWLRQVZLWK WKH+H[D HOHPHQW W\SH KDYLQJ











GHJUHH HOERZ ZHOGHG WR WZR VWUDLJKW SLSH VHFWLRQV >@ DQG D PPORQJ PPGHHS PPZLGH
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7KHDGGLWLRQRI7UXH*ULG >@ WRRXU)(0VLPXODWLRQ WRROER[ LVFULWLFDOEHFDXVH LW DOORZVXV WRDGGUHVV DOO
VRXUFHVRI)(0XQFHUWDLQWLHVGHILQHGLQ6HFWLRQXVLQJD³VXSHUSDUDPHWULF´DSSURDFKDVGHVFULEHGLQIXOOLQWKH
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1H[WZHUXQDSRLQWVHTXHQFHRI+H[D)(0VLPXODWLRQVXVLQJ$%$486>@ZLWKUHVXOWVVKRZQLQ)LJV
DQGDQG7DEOH,WLVLQWHUHVWLQJWRVHHWKDWWKHXSSHUDV\PSWRWH\ 03DLVRQO\RIWKDWRIWKH
03$&7+H[D UXQV  ,Q )LJ  ZH DGGPRUH SRLQWV WR WKH VHTXHQFH DQG OHDUQHG VXUSULVLQJO\ WKDW WKH XSSHU
DV\PSWRWH \ 03DKDVRQO\VOLJKWO\LPSURYHGWR 8VLQJDQDOJRULWKPGHVFULEHGE\'UDSHUDQG
6PLWK>@ZHFDOFXODWHWKHSUHGLFWLYHOLPLWVRIWKH1//64ILWRISRLQWVDVVKRZQLQ)LJ7RFRPSOHWHRXU
VWXG\RIWKLV&DVHZHVKRZLQ)LJDFRPSDULVRQRI)(0VROXWLRQVXVLQJGLIIHUHQWHOHPHQWW\SHV1RWHWKDW



























7R YDOLGDWH RXU QHZ DSSURDFK RI HVWLPDWLQJ DQ )(0 VLPXODWLRQ UHVXOW DW LQILQLWH GHJUHHV RI IUHHGRP XVLQJ D
ORJLVWLFQRQOLQHDUOHDVWVTXDUH1//64ILW6HFWLRQDQGDVXSHUSDUDPHWULF)(0DOJRULWKPZULWWHQLQ7UXH*ULG












WKLV VFDOLQJXSE\D IDFWRURIGRHVQRWDOWHU WKHYDOLGLW\RIRXU LQYHVWLJDWLRQ LQ&DVHZKHUH WKHPD[LPXP
EHQGLQJVWUHVVZLOOEHNQRZQWREH03D




WKLV VFDOLQJXSE\D IDFWRURIGRHVQRWDOWHU WKHYDOLGLW\RIRXU LQYHVWLJDWLRQ LQ&DVHZKHUH WKHPD[LPXP
EHQGLQJVWUHVVZLOOEHNQRZQWREH03D
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,Q)LJXVLQJWKH03$&7+H[DHOHPHQWDQGDVXSHUSDUDPHWULFDOJRULWKPZULWWHQLQ7UXH*ULG>@









 EXW DOVR 03$&7+H[D $%$486+H[D DQG $%$4867HWUD 7KH UHVXOWV RI H[WUDSRODWLQJ WR
.DQGLQILQLWHGHJUHHVRIIUHHGRPDJDLQVKRZWKHVXSHULRULW\RIWKH+H[DHOHPHQWDVGRFXPHQWHGLQ3DUWRI
WKLV SDSHU VHULHV >@  )RU H[DPSOH ZKHQ ZH H[WUDSRODWH DOO WKH )(0 VLPXODWLRQ UHVXOWV WR . GHJUHHV RI
IUHHGRP VHH WDEOH DW ORZHU ULJKW RI )LJ  WKH03$&7+H[D HOHPHQW VKRZV ]HUR HUURU ZKHUH WKH RWKHU
HOHPHQW W\SHVVKRZHUURUVUDQJLQJIURP WR :KHQZHH[WUDSRODWH WKHUHVXOWV WR WKH LQILQLWHGHJUHHVRI

















SRLQWV WKHSUHGLFWHG0LVHVVWUHVVYDULHVIURPGRI WR03DGRI DIDFW
WKDWZHKDYHUHDFKHGWKHRUFULWHULRQ8VLQJRXUSDUDPHWHUORJLVWLF1//64ILWDSSURDFKZHREWDLQDQ
XSSHUDV\PSWRWHYDOXHRI03DZLWKDVGRI03D7RYDOLGDWHWKLVUHVXOWZHUXQD&2062/7HWUD
VLPXODWLRQ WRDYHU\ ILQHPHVKGHQVLW\ GRI ZLWK DPD[0LVHV VWUHVVRI03DZKLFK OLHV
FRPIRUWDEO\ZLWKLQWKHSUHGLFWHGFRQILGHQFHOHYHO
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)RU HQJLQHHULQJ SUREOHPV ZLWK FRPSOH[ JHRPHWU\ DQG KDUGWRFKDUDFWHUL]H PDWHULDO SURSHUWLHV DQG ERXQGDU\




%\SUHVHQWLQJ WKH QXPHULFDO UHVXOWV RI  FDVH VWXGLHVZH VKRZ LQ WKLV SDSHU WKDW D QHZ DSSURDFKRI ILWWLQJ D
VHTXHQFH RI )(0 VLPXODWLRQV DW LQFUHDVLQJ PHVK GHQVLWLHV LV IHDVLEOH LQ REWDLQLQJ WKH ³EHVW´ VROXWLRQ E\
H[WUDSRODWLQJ WR WKH LQILQLWH GHJUHHV RI IUHHGRP  7KLV QHZ ILWWLQJ DSSURDFK LV ULJRURXV LQ WKH VHQVH LW XVHV D 
SDUDPHWHU ORJLVWLF IXQFWLRQ DQG D QRQOLQHDU OHDVW VTXDUH ILWWLQJ DOJRULWKP  :H KDYH DOVR VKRZQ WKURXJK WKH
SUHVHQWDWLRQ RI WKH UHVXOWV RI  FDVH VWXGLHV WKDWZKHQZH FRPELQH WKLV1//64 ILWWLQJ DSSURDFKZLWK D VXSHU
SDUDPHWULF)(0FRGLQJWHFKQLTXHVHH3DUW>@RIWKHSDUWVHULHVZHFDQDGGUHVVWKH)(0XQFHUWDLQWLHVGXHWR
DOOIRXUVRXUFHVQDPHO\WKHHOHPHQWW\SHWKHPHVKGHQVLW\WKHPRGHOSDUDPHWHUVDQGWKHVROXWLRQSODWIRUP
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